In this paper, we introduce the Asynchronous BoundedCycle (ABC) model, which considerably relaxes the Θ-Model proposed by Le Lann and Schmid. The ABC model just bounds the ratio of the number of forward and backward messages in certain cycles in the space-time diagram of an asynchronous execution. It hence avoids any reference to end-to-end delays, allows individual messages to have arbitrary delays, and does not involve global synchrony conditions. We show that clock synchronization and lock-step rounds can easily be implemented and proved correct in the ABC model, even in the presence of Byzantine failures. Moreover, we show that any correct Θ-algorithm also works correctly in the ABC model. Our proof is based on a novel technique for assigning message delays to asynchronous executions, which is of independent interest. 
CONTRIBUTION
We consider a system of n distributed processes, connected by a (not necessarily fully-connected) point-to-point network that adheres to the liveness and safety conditions of the purely asynchronous system. The local execution of a process consists of a sequence of atomic zero-time computing steps, each involving the reception of exactly one message, a state transition, and the sending of zero or more messages to a subset of the processes in the system. Among the n processes in the system, at most f may be Byzantine faulty.
The execution graph G is the digraph corresponding to the space-time diagram [2] of an execution α: The nodes V (G) are the receive events in α, and the edges reflect the happens-before relation [2] on V (G), without its transitive closure. An edge e = (φi, φj) is called message in G if a correct process p sends a message in event φi, which is received by a (possible faulty) process q (p = q) in event φj . If φj directly follows φi at the same process p, e is called local edge. 
Note carefully that, compared to the purely asynchronous model, there is no other constraint in the ABC model. Nevertheless, given a system of n 3f + 1 processes, this condition is sufficient to establish lock-step round synchrony even in the presence of Byzantine failures:
Theorem 1 (Precision). Let Cp(t) denote the (integer) clock value of p at time t. For any admissible execution of Algorithm 1 in [3], we have ∀t : |Cp(t) − Cq(t)|
2Ξ for correct processes p, q.
Theorem 2 (Lock-Step). There is a lock-step round simulation in the ABC model tolerating Byzantine faults. Finally, we showed that all algorithms designed for the Θ-Model [4] also work correctly in the ABC model, despite the fact that most ABC executions are not admissible in the Θ-Model. In the proof, we introduce a technique for assigning message delays to asynchronous executions involving Farkas' lemma on linear inequalities and use point-set topology for dealing with safety and liveness properties, a method which is also applicable to other system models.
The ABC model, along with algorithms designed for the Θ-Model, is hence excellently suited for being applied in the VLSI context [1] , as well as in other applications where endto-end delays can (jointly) vary and even grow continuously over time. A full version of our paper is available as [3] .
